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Abstract 
Barium Strontium Titanate (BST) thin films have been proven as a material for various advance integrated circuit 
applications.This paper presents the relationship between spin coating speed, heat treatment time, and annealing 
temperature in response to the lattice parameter in ferroelectric Barium Strontium Titanate (BST). The investigation 
was done using a full factorial design of experiment (DOE). Analysis was done quantitatively by plotting the main 
effects graphs. The results suggest that The results suggest that the lattice parameter being larger at low level of spin 
coating speed. Lattice parameter increases as the heat treatment time decreases. Furthermore, the lattice parameter is 
inversly proportional to the annealing temperature. 
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1. Introduction 
 Barium Strontium Titanate (BST) thin films have been proven as a material for various advance 
integrated circuit applications (Bartic & Borghs,2010). BST is particularly of interest in Dynamic Access 
Random Memories (DRAMs) as the charge storage cell. This is due to the fact that it can reach values up 
to 20000 of dielectric constant in bulk ceramic BST (Schafranek et al.,2009). Other properties such as 
relatively low dielectric loss tangent, high permittivity, and controllable Curie temperature made BST 
suitable for microwave (MW) applications. In order to achieve the ideally properties, BST required to be 
free of intermediate crystalline phases with a defined stoichiometry and a homogeneous microstructure 
(Ries,Simoes,Cilense,Zaghete,& Varela, 2003). 
 Various methods can be used to prepare BST thin films such as ion-beam sputtering, laser 
ablation, metal-organic chemical, radiofrequency (r-f) sputtering, vapour deposition and sol-gel technique. 
Among all the techniques, the sol-gel method has advantages over other methods due to higher 
homogeneity, lower cost, and simpler process control (Dewi,Baa’yah, & Talib,2007). 
 Since  there  are  minimal  studies  done  to  find  correlation  between  the  BST  process  parameters, 
therefore, this work was conducted to investigate the process factors effects using a design of experiment 
(DOE) approach on Ba0.65Sr0.35TiO3. This study focuses on the correlations between the process 
factors in response to the lattice parameter. Relationships are presented between the spin coating speed, 
heat treatment time, and annealing temperature in relation to the lattice parameter. 
2. Methodology 
A design matrix was designed using full factorial design of experiment (DOE) with three factors and one 
response. The set of experimental combinations systematically study the variables that influence 
the quality of the grain size formed (Retnasamy,Sauli, Aziz,Hatta,Shapri, & Taniselass,2012). Table 1 
shows the process factors for the experiment. 
Table 1. Process Factors 
Trial no Spin coating 
speed (A) 
(rpm) 
Heat 
Treatment 
Time (B) 
(min) 
Annealing 
Temp, (C) 
(0C) 
1 Low Low Low 
2 Low Low High 
3 Low High Low 
4 Low High High 
5 High Low Low 
6 High Low High 
7 High High Low 
8 High High High 
 
For spin coating speed, the low level value is 3000rpm while high value is at 7000rpm. Low and high 
level value for heat treatment time are 15 minutes and 60 minutes respectively. As for the third factor, 
which is annealing temperature, low level is 500˚C and high level is 850˚C. A total of eight set of 
experiment were run in this study. The varied factors are spin coating speed, heat treatment time, and 
annealing temperature. These parameters were scrutinized to check their corelations to the grain size 
quality. Next, the samples were initially examined by X-ray diffraction (XRD) to verify the composition 
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of a new material on a sample. The parameter used for the X-ray Diffraction measurement was CuKα 
(1.5406Å) radiation operates at a voltage of 40kV and a current of 40mA in order to determine the 
crystallization of the samples. 
BaxSr1-xTiO3 solution was prepared with barium acetate, strontium acetate and titanium (IV) 
isopropoxide were used as starting materials using the sol-gel method. In addition, glacial acetic acid 
(CH3COOH) and 2-Methoxyethanol (C3H8O2) were used as solvents. A stoichiometric amount of barium 
acetate and strontium acetate were dissolved in 10ml of acetic acid heated at 80˚C to form Ba-Sr solution 
with a ratio of 65:35. Meanwhile, a specific amount of titanium (IV) isopropoxide was stirred with 4.5 ml 
of 2-Methoxyethanol at 200rpm at room temperature for one hour to obtain a titanium (Ti) solution. Then, 
the Ba-Sr solution was slowly drip added into the Ti solution with magnectic stirring at 400rpm for two 
hours. In order to obtain a thicker solution, the mixture was refluxed at 120°C for 20 minutes without 
magnetic stirring and was subcequently filtered using a nylon microfiber filter to obtain Ba0.65Sr0.35TiO3 
solution. 
Spin-coating method was employed to deposit the filtered BST thin films onto diced SiO2/Si subtrates 
with specific spin coating speed, heat treatment time, and annealing temperature according to Table 1. 
After the deposition process, the sample was place on the hot plate to bake for 20 minutes at 200°C in 
order to vaporize the organic solvents for every layer deposited. Then the sample was heated in the 
oxidation furnace at 500°C for 15 minutes/60minutes in oxygen (O2) atmosphere. Subsequently, this step 
was repeated until 4 layers of Ba0.65Sr0.35TiO3  are completely deposited on the sample. After heat 
treatment process, the samples were annealed in O2 atmosphere by putting into the oxidation furnace with 
at the temperature of 500°C/850°C for two hours. The purpose of annealing process with oxygen rich 
atmosphere after film deposition is to enhance the electrical properties of the films and ascribed the 
reduction of leakage currents to the compensation of oxygen vacancy in the films (Ezhilvalavan & Tseng, 
2000) 
 
3. Result and Discussion 
 
The XRD patterns of Ba0.65Sr0.35TiO3 thin film for Experiment 3 which was conducted using spin 
coating speed of 3000rpm, heat treatment time of 60 minutes and annealing temperature at 500°C. It 
can be observed that the peaks were (1 0 0) and (1 1 0) at 23.27° and 32.42° respectively. This indicates 
that the film is in a transition between amorphous and crystalline state. On the other hand, Figure 1 
shows the XRD patterns taken in Experiment 4 which was done using the following parameters; spin 
coating speed of 3000rpm, heat treatment time of 60 minutes, and annealing temperature of 850˚C. 
 
 
Fig 1. XRD pattern of Ba0.65Sr0.35TiO3 for experiment 4 
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The main purpose of this study is to find the correlations between the process parameters and the 
lattice parameters. Table 2 presents the coded design matrix of DOE together with the lattice parameter 
values for each experiment.  
 
Table 2. Process Factors 
 
 
Trial 
No. 
 
A 
( rpm) 
 
B 
( min) 
 
C 
(˚C) 
 
Lattice 
Parameter 
1 3000 15 500 3.849 
2 3000 15 850 3.845 
3 3000 60 500 3.861 
4 3000 60 850 3.853 
5 7000 15 500 3.797 
6 7000 15 850 3.738 
7 7000 60 500 3.759 
8 7000 60 850 3.741 
 
 
In order to visualize the effects, the main effects plot was plotted. The key indicator to determine the 
significance of an effect is the gradient or slope of the graph. Steeper gradient indicates that the factor is 
more influential (Antony,1999). 
 
The main effect between the factors are computed using the following equation: Main effect of a factor 
= Average response at high level –Average response at low level (1) 
 
The calculated main effects for spin coating speed, heat treatment time, and annealing temperature are 
-0.0933,         -0.0038 and -0.0223 respectively. All the factors indicated negative effect in response to the 
lattice parameter. This result is confirmed by Remmel, Gregory and Baumert (1999), where the lattice 
parameters of BST vary as a function of thin film deposition temperature. Lattice parameters are smaller 
at higher deposition temperatures. 
 
Figure 2, Figure 3, and Figure 4 show the main effects plot for all three factors in response of the 
lattice parameter. All graphs indicated the same trend where the value lattice parameter is higher 
during low level effect of a factor. Among the three factors, the gradient for spin coating speed is 
the steepest followed by annealing temperature, and heat treatment time. 
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Fig 2. The main effects plot for lattice parameter in relation to spin coating speed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. The main effects plot for lattice parameter in relation to heat treatment time 
 
 
 
Fig 4. The main effects plot for lattice parameter in relation to annealing time 
 
 
 
4. Conclusion 
 
This investigation scrutinized the relationships between the process factors in BST in response to the 
quality of the grain size. A DOE method was employed to determine the main effects in this investigation. 
The results suggest that the lattice parameter being larger at low level of spin coating speed. Lattice 
parameter increases as the heat treatment time decreases. Furthermore, the lattice parameter is inversely 
proportional to the annealing temperature. 
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